Objective: To describe our approach to resection of pancreatic head cancers, which involve 1 or both of the first-order branches of the superior mesenteric vein (SMV). Summary Background Data: In contrast to tumors which involve the proximal SMV, cancers in the inferior aspect of the pancreatic head or root of mesentery (mid gut carcinoid) may involve one of the 2 primary branches of the SMV (the ileal and jejunal branches), with or without involvement of the main trunk of the SMV. Such cases are associated with significant technical challenges. Methods: Our surgical approach is described and illustrated. Results: Isolated involvement of the jejunal branch of the SMV may be managed by division of this branch without reconstruction as long as the ileal branch is intact and of good caliber. Tumors which involve the ileal branch of the SMV, in the rare setting in which the jejunal branch is preserved, may also be managed by ligation and resection without reconstruction. Involvement of one of these firstorder branches in association with more proximal involvement of the main trunk of the SMV may be successfully managed by ligation of one first-order branch and concurrent segmental resection and reconstruction of the other branch, and the main SMV trunk, with or without an interposition graft. Conclusion: Segmental resection of one of the 2 first-order branches of the SMV may be performed without venous reconstruction if mesenteric venous flow is preserved through the remaining firstorder branch. Detailed knowledge of the vascular anatomy of the root of the mesentery is necessary for the performance of complex surgical procedures involving the pancreatic head and root of mesentery. (Ann Surg 2008;248: 1098 -1102 I nvolvement of the superior mesenteric vein (SMV) or portal vein (PV) by pancreatic cancer has historically represented a relative contraindication to pancreaticoduodenectomy (PD). 1 Over the past decade, several centers have gained experience with short-segment resection and reconstruction of the SMV and/or PV at the time of PD to facilitate a complete (R0/R1) resection of the pancreatic tumor. We have demonstrated that resection and reconstruction of these veins at the time of PD is associated with a low rate of perioperative morbidity, and similar rates of R0 resection and overall survival when compared with patients treated with standard PD performed in the absence of venous resection. 2, 3 In contrast to tumors which involve the PV or the proximal SMV, cancers located in the inferior aspect of the pancreatic head or in the uncinate process may occasionally involve one of the 2 primary (first-order) branches of the SMV with or without involvement of its main trunk or the PV (Fig. 1A) . In such cases, the technical challenges associated with venous resection and primary repair or interposition grafting may be amplified by the smaller caliber and fragility of these first-order veins. Although one cannot ligate the SMV (when performing PD) and maintain normal venous return from the mid gut, we have found that either of the 2 first-order branches of the SMV, the ileal and jejunal branches, can be safely ligated or resected with the pancreatic tumor over a short distance, provided that the remaining branch is preserved and of sufficient caliber to allow for collateral mesenteric venous flow. In this report, we describe the anatomy of the SMV as it pertains to the performance of PD and describe our surgical approach to tumors that involve either of the 2 first-order branches of the SMV.
Objective: To describe our approach to resection of pancreatic head cancers, which involve 1 or both of the first-order branches of the superior mesenteric vein (SMV). Summary Background Data: In contrast to tumors which involve the proximal SMV, cancers in the inferior aspect of the pancreatic head or root of mesentery (mid gut carcinoid) may involve one of the 2 primary branches of the SMV (the ileal and jejunal branches), with or without involvement of the main trunk of the SMV. Such cases are associated with significant technical challenges. Methods: Our surgical approach is described and illustrated. Results: Isolated involvement of the jejunal branch of the SMV may be managed by division of this branch without reconstruction as long as the ileal branch is intact and of good caliber. Tumors which involve the ileal branch of the SMV, in the rare setting in which the jejunal branch is preserved, may also be managed by ligation and resection without reconstruction. Involvement of one of these firstorder branches in association with more proximal involvement of the main trunk of the SMV may be successfully managed by ligation of one first-order branch and concurrent segmental resection and reconstruction of the other branch, and the main SMV trunk, with or without an interposition graft. Conclusion: Segmental resection of one of the 2 first-order branches of the SMV may be performed without venous reconstruction if mesenteric venous flow is preserved through the remaining firstorder branch. Detailed knowledge of the vascular anatomy of the root of the mesentery is necessary for the performance of complex surgical procedures involving the pancreatic head and root of mesentery. I nvolvement of the superior mesenteric vein (SMV) or portal vein (PV) by pancreatic cancer has historically represented a relative contraindication to pancreaticoduodenectomy (PD). 1 Over the past decade, several centers have gained experience with short-segment resection and reconstruction of the SMV and/or PV at the time of PD to facilitate a complete (R0/R1) resection of the pancreatic tumor. We have demonstrated that resection and reconstruction of these veins at the time of PD is associated with a low rate of perioperative morbidity, and similar rates of R0 resection and overall survival when compared with patients treated with standard PD performed in the absence of venous resection. 2, 3 In contrast to tumors which involve the PV or the proximal SMV, cancers located in the inferior aspect of the pancreatic head or in the uncinate process may occasionally involve one of the 2 primary (first-order) branches of the SMV with or without involvement of its main trunk or the PV (Fig. 1A) . In such cases, the technical challenges associated with venous resection and primary repair or interposition grafting may be amplified by the smaller caliber and fragility of these first-order veins. Although one cannot ligate the SMV (when performing PD) and maintain normal venous return from the mid gut, we have found that either of the 2 first-order branches of the SMV, the ileal and jejunal branches, can be safely ligated or resected with the pancreatic tumor over a short distance, provided that the remaining branch is preserved and of sufficient caliber to allow for collateral mesenteric venous flow. In this report, we describe the anatomy of the SMV as it pertains to the performance of PD and describe our surgical approach to tumors that involve either of the 2 first-order branches of the SMV.
SURGICAL ANATOMY OF THE SMV
The anatomy of the SMV and PV is complex, and a comprehensive description of these structures relevant to the practice of surgery is not commonly found in standard textbooks of anatomy or surgery. Recently, autopsy studies and analyses of high-quality CT and MRI images have described the anatomy of this region. 4 -7 Usually, the PV arises posterior to the superior aspect of the pancreatic neck from the confluence of the SMV and the splenic vein. The SMV lies slightly anterior and to the right (lateral) of the superior mesenteric artery (SMA) and has 2 anterior branches at the level of the transverse mesocolon: the middle colic vein and the gastrocolic trunk of Henle. The gastrocolic trunk drains several smaller tributaries including the right gastroepiploic, right superior colic, and anterosuperior pancreaticoduodenal veins; the anatomy of these tributaries can be variable. The main trunk of the SMV arises from the confluence of 2 first-order branches, the jejunal and ileal branches. The jejunal branch usually enters the right posterolateral aspect of the main trunk of the SMV after coursing transversely, posterior to the SMA, to provide venous drainage from the proximal small bowel. In contrast, the ileal branch travels in a caudal to cranial direction in the root of the small bowel mesentery to drain the distal small bowel. The IMV typically drains into the splenic vein but may also enter the SMV directly inferior to the splenic-SMV confluence. 8 The anatomy of the infrapancreatic SMV is somewhat variable. The main trunk of the SMV is observed in over 90% of patients; occasionally the ileal and jejunal branches merge at the level of the splenic vein without forming a common trunk of the SMV. In such cases, the jejunal branch usually courses anterior (ventral) to the SMA. 5, 7 Normally, the jejunal branch of the SMV travels posterior (dorsal) to the SMA (Figs. 1A, B) but may course anterior (ventral) to the SMA in up to 20% of patients ( Figs. 2A, B ). 5 This variant anatomy is very important for the performance of PD, specifically with regard to the mobilization of the SMV to allow for identification of the SMA. When the jejunal branch lies posterior to the SMA, the small venous branches from the uncinate process (to the jejunal branch) must be divided to separate the jejunal branch from the uncinate process and allow medial retraction of the SMV, which is necessary for exposure of the SMA. An anterior jejunal branch makes it much easier to separate the uncinate process from the SMV as the small venous branches from the uncinate usually enter the ileal branch, rather than the jejunal branch. When an anterior jejunal branch exists, a high rate of associated anatomic variations may also be present, including the lack of a main SMV trunk and drainage of the IMV directly into the jejunal branch of the SMV. 5
SURGICAL APPROACH TO INVOLVEMENT OF THE JEJUNAL OR ILEAL BRANCH OF THE SMV
Our approach to the dissection of the SMV during PD is well described. 9 Before surgery, high-quality CT is performed to identify aberrant vascular anatomy, to delineate the extent of vascular involvement when present, and to classify the tumor as resectable, borderline resectable, or locally advanced. 10, 11 Identification of tumor involvement of the SMV, or its first-order branches, on careful review of preoperative CT images should prompt a thorough radiographic evaluation of the venous anatomy both to determine the extent of vascular involvement and to develop an optimal strategy for vascular resection and reconstruction; the need for venous resection should rarely be an unexpected finding at the time of laparotomy. Isolated tumor involvement of the first-order branches of the SMV does not represent a contraindication to resection, although it should alert the surgeon to the possibility of a more difficult technical operation as the tumor extends out into the root of mesentery. During PD, we prefer to identify the infrapancreatic SMV early in the operation when possible, but complete mobilization of this vessel does not occur until the retroperitoneal dissection is per-FIGURE 1. Anatomy of the infrapancreatic superior mesenteric vein (SMV). A, Tumors adjacent to the infrapancreatic SMV may involve either the main SMV trunk or either of its 2 first-order branches (blue circles). The jejunal branch of the SMV is depicted in its typical location running posterior to the superior mesenteric artery (SMA) to drain into the SMV (PV indicates portal vein; HA, hepatic artery; LGA, left gastric artery; IMV, inferior mesenteric vein). B, CT scan of a 48-year-old man with a mixed adeno/neuroendocrine carcinoma of the pancreatic head. The 4.5-cm tumor involved both the distal common trunk of the SMV and the jejunal branch. Pancreaticoduodenectomy required ligation of the jejunal branch (proximal to the tumor in the mesenteric root) and segmental resection of the ileal branch-common trunk of the SMV with interposition grafting as depicted in Figure 3C (T indicates tumor; thin arrow, ileal branch of SMV; thick arrow, jejunal branch of SMV; arrowhead, SMA).
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Resection of First-order SMV Branches formed during the final step of the resection. It is important to avoid extensive dissection of the SMV early in the operation when the surgeon is not in an optimal position to deal with a venous injury. After transection of the neck of the pancreas, the head and uncinate process are separated from the SMV and PV by ligation and division of the small venous tributaries to the pancreas, including 2 or 3 small branches from the jejunal branch to the uncinate process. Isolated involvement of the jejunal branch of the SMV may be managed by division and segmental resection of this branch without reconstruction as long as the ileal branch remains intact and is of good caliber (Fig. 3A) . Normally the diameter of the ileal branch of the SMV is visibly larger than the SMA (at least 1.5 times the diameter of the SMA) as seen on axial CT images. Exposure of the jejunal branch of the SMV is accomplished by developing the plane of dissection to the right of the SMA, and medial to, or to the left of, the SMV. The soft tissue of the mesenteric root between these vessels is divided until the jejunal branch is identified as it courses posterior to the SMA. This dissection must be done with exquisite care as laceration of the jejunal branch as it travels beneath the SMA (to drain the proximal small bowel) is difficult to control and could lead to iatrogenic injury to the SMA, especially if the SMA is not properly exposed and mobilized. Access to the jejunal branch of the SMV is much easier in cases where the jejunal branch courses anterior to the SMA. Similarly, tumors which involve the ileal branch of the SMV, in the rare setting where the jejunal branch is uninvolved and preserved, may be managed by ligation and short-segment resection of the ileal branch without reconstruction (Fig. 3B) .
Involvement of the confluence of the ileal and jejunal branches in association with more proximal involvement of the common trunk of the SMV may be successfully managed by ligation of the jejunal branch of the SMV along with concurrent segmental resection and reconstruction of the main SMV trunk and proximal ileal branch with (Fig. 3C) or without an interposition vein graft. If the splenic vein is left intact, the portal vein remains immobile and an interposition graft is usually necessary to connect the ileal branch to the main SMV. We initially reported the use of an internal jugular vein interposition graft for this purpose in 1994 and our surgical technique has been further refined since that time. 12 Reconstruction of the ileal branch is always preferred over the jejunal branch as the jejunal branch is usually posterior in location extending into the proximal left jejunal mesentery and is therefore technically difficult to access for an anastomosis. Moreover, the jejunal branch is rather delicate in nature with a thin wall. Division of the jejunal branch and resection of the confluence of the jejunal and ileal branches with reconstruction of the ileal branch (caudal to the tumor) and the main SMV (cephalad to the tumor) should only be performed if the ileal branch is of adequate caliber (Fig. 3C) . Specifically, as a general rule and as mentioned above, we have not attempted resection and reconstruction of the ileal branch (in the setting of ligation of the jejunal branch) when the diameter of the ileal branch was not visibly larger than the diameter of the SMA as seen on the axial CT images. This recommendation is based on our clinical experience including the perception that long-term graft patency becomes a concern the further one goes out in the small bowel mesentery and the smaller the diameter of the ileal branch. The assessment of the adequacy of the ileal branch (for grafting and subsequent mesenteric venous return) by comparison to the diameter of the SMA (as seen on CT) is subjective and somewhat arbitrary, but we have found this comparison clinically useful when considering a very complex cancer operation.
Acute thrombosis of the PV or SMV can lead to a syndrome of vascular congestion, bowel edema, and subse- 4 However, if the main trunk of the SMV is ligated or injured beyond repair, and the pancreatic head is also removed, there will likely be inadequate collateral flow to provide for mesenteric venous return from the mid gut.
In this report, we describe the important surgical anatomy of the SMV and our operative approach to tumor involvement of the first order branches of the SMV. Such involvement can be predicted preoperatively using highquality CT imaging and does not represent a contraindication to tumor resection when performed by experienced surgeons. As long as either the ileal or jejunal branch of the SMV is preserved (with or without interposition grafting), the other branch can be removed with the surgical specimen and adequate venous return from the mid gut will remain. Detailed knowledge of the vascular anatomy of the root of mesentery is necessary for the performance of complex surgical procedures involving the pancreas and lymph node metastases from midgut carcinoid tumors.
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